Alignment/misalignment hypothesis for tRNA selection by the ribosome.
Transfer RNAs (tRNAs) are the adaptor molecules that allow the ribosome to decode genetic information during protein synthesis. During decoding, the ribosome must chose the tRNA whose anticodon corresponds to the codon inscribed in the messenger RNA to incorporate the correct amino acid into the growing polypeptide chain. Fidelity is improved dramatically by a GTP hydrolysis event. Information about the correctness of the anticodon must be sent from the decoding center to the elongation factor, EF-Tu, where the GTP hydrolysis takes place. A second discrimination event entails the accommodation of the aminoacyl-tRNA into its fully bound A/A state inside the ribosome. Here, we present a hypothesis for a specific mechanism of signal transduction through the tRNA, which operates during GTPase activation and accommodation. We propose that the rigidity of the tRNA plays an important role in the transmission of the decoding signal. While the tRNA must flex during binding and accommodation, its anisotropic stiffness enables precise positioning of the acceptor arm in the A/T state, the A/A state and the accommodation corridor. Correct alignment will result in optimal GTPase activation and accommodation rates. Incorrect tRNAs, however, whose anticodons are misaligned, will also have acceptor arms that are misaligned, resulting in sub-optimal GTPase activation and accommodation rates. In the case of GTPase activation, it is possible that the misalignment of the acceptor arm affects the rate directly, by altering the conformational change of the switch region of EF-Tu, or indirectly, by changing the alignment of EF-Tu with respect to the sarcin-ricin loop (SRL) of the large ribosomal subunit.